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NEW NA48 RESULTS ON KAON AND HYPERON DECAYS 
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The NA48 Collaboration has obtained several new results on kaon and neutral hyperon decays. For 
hyperons we present new, very precise measurements on the S° lifetime and the decay asymmetries 
of 2° — > A7 and H° — > S°7. On kaon decays, we report on the first observation of the interference 
term between Inner Bremsstrahlung and Direct Emission in — » 7r ± 7r°7 and on a new, accurate 
measurement of the form factor slopes in the semileptonic decay Kl — > n^^i/. 



1. Introduction 

The NA48 experiment is a fixed-target ex- 
periment located at the CERN SPS and has 
been taken data from 1997 to 2004. Rs first 
phase, ending in 2001, was dedicated to the 
measurement of direct CP violation in the 
neutral kaon system. It was employing si- 
multaneous beams of Kl and Kg meson de- 
cays for measuring the parameter Re(e'/e) of 
direct CP violation in the decays Kl/Ks — > 
7r + 7r~/7r°7r°. Using the same data sample, 
also several semileptonic and rare Kl decays 
could be precisely measured. 

The second phase of the experiment, 
dubbed NA48/1, has been taken data in the 
year 2002. In this set-up, the Kl beam was 
blocked, but the proton intensity on the K$ 
target was increased by a factor of 200 for 
measuring rare K$ and neutral hyperon de- 
cays. 

Finally, for the NA48/2 experiment in 
2003 and 2004, the beam set-up was changed 
again in order to simultaneously record K + 
and K~ decays. Main purpose of this ex- 
periment was the search for direct CP vio- 
lation in K^ decays to three pions, but also 
high statistics measurements of semileptonic, 
rare, and very rare charged kaon decays. 

Apart from minor modifications and up- 
grades, as e.g. the introduction of a beam 
spectrometer for NA48/2, the detector was 
practically unchanged during the whole pe- 



riod. A detailed description of the detector 
can be found elsewhere 1 . Presented here are 
results on S° and kaon decays from all three 
phases of the experiment. 

2. H° Decays 
2.1. H° Lifetime 

The S° lifetime is an important input to 
other measurements, first of all to the de- 
termination of \V US \ via the rate of the S° 
/3-decay. Its current precision is only about 
3% from measurements dating back to the 
60's and 70's 2 . 

Using NA48/1 minimum bias data, 
we have selected about 260000 practically 
background-free S° — ► Air decays. A fit was 
done simultaneously in 10 bins of energy with 
the 10 normalizations and the S° lifetime as 
free parameters. The fit region in energy and 
lifetime is shown in Fig. 1. Care was taken 
to avoid detector resolution effects near the 
collimator. 

As preliminary result we obtain 

r(H°) = (3.082±0.013 sta t±0.012 sys )xl0~ 10 s. 

(1) 

The agreement between data and fitted 
MC is very good (Fig. 2). The systemat- 
ics are dominated by uncertainties of the de- 
tector acceptance and the calorimeter energy 
scale. The result is about two standard devi- 
ations above the current PDG average 2 and 
five times more precise. 
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Fig. 1. Distribution of energy versus proper lifetime 
for selected BP — > An minimum bias events. Indi- 
cated by the red enclosure are the fit regions for the 
diffcrnt energy bins. 



incoming S° and the outgoing proton from 
the subsequent A — » pn~ decay in the A rest 
frame (see Fig. 3) Using this method, the 
measurement is independent of the unknown 
initial S° polarization. 




Fig. 3. Definition of the angle between the proton 
and the incoming S° in the Lambda rest frame. 
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Fig. 2. H° -> Att data divided by fitted MC. In the 
light grey region not all energy bins were included in 
the fit, the dark grey region was excluded from the 
fit. 

2.2. H° Decay Asymmetries 

Up to this day, weak radiative hyperon de- 
cays as S° — > A7 and S° — > E°7 are still 
barely understood. Several competing theo- 
retical models exist, which give very differ- 
ent predictions. An excellent experimental 
parameter to distinguish between models is 
the decay asymmetry a of these decays. It is 
defined as 

dN 

-=iVo(l + a|P|cose), (2) 

a cos B 

where 9 is the direction of the daughter 
baryon with respect to the polarization P of 
the mother in the mother rest frame. For e.g. 
S° — > A7, the decay asymmetry can then be 
measured by looking at the angle between the 



The NA48/1 experiment has seen a to- 
tal S° flux of about 2.4 x 10 9 decays in the 
fiducial volume. From this data set, 48314 
S° -> A7 and 13068 E° -> E°7 candidates 
have been collected (Fig. 4). The background 
contributions are 0.8% for S° — > A7 and 
about 3% for S° — > E°7, respectively. 

Using these data, fits to the decay asym- 
metries have been performed. In case of 
S° — * S°7, where we have the subsequent 
decay S° — * A7, the product cos9e_>£7 • 
cos9s^a 7 has to be used for the fit. Both 
fits show the expected linear behaviour on 
the angular parameters (Fig. 5) 

After correcting for the well-known 
asymmetry of A — » pn~ , we obtain 

a H °^A 7 = -0.684 ± 0.020 ± 0.061, (3) 
a~°^£° 7 = -0.682 ± 0.031 ± 0.065, (4) 

where the first error is statistical and the sec- 
ond systematic. These values agree with pre- 
vious measurements by NA48 on S° — > A7 3 
and KTeV on 2° — * S°7 4 , but are much 
more precise. In particular the result on 
S° — > A7 is of high theoretical interest, as it 
confirms the large negative value of the decay 
asymmetry, which is difficult to accommo- 
date for quark and vector meson dominance 
models. 
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Fig. 4. H° -> A7 (top) and H° -> E°7 (bottom) 
signal together with MC expectations for signal and 
backgrounds. 

3. Kaon Decays 

3.1. K ± — s- 7r ± 7r°7 Decays 

The decay if ± — » 7r ± 7r°7 is dominated by 
Inner Brcmsstrahlung (IB) from the charged 
pion. However, there exist small components 
of Direct Emission (DE), which are sensitive 
to electric and magnetic dipole amplitudes, 
and also from the interference (INT) between 
IB and DE, which only depends on the elec- 
tric dipole. These components are of large 
interest within the framework of chiral per- 
turbation theory. Previous experiments have 
found the DE component, but could only set 
limits on the interference term 2 . 

The NA48/2 experiment has collected 
about one million K — > 7r ± 7r°7 decays with 
almost negligible background. So far we have 
used a sub-sample of about 210000 events of 
these data for the analysis. The events have 
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Fig. 5. Fits of the decay asymmetries in H° — > A7 
(top) and S° -+ £°7 (bottom). 

been selected in the range < T* < 80 MeV 
of the kinematic energy of the it in the kaon 
rest frame. The invariant mass distribution 
of these events is shown in Fig. 6. 

The lorentz-invariant variable sensi- 
tive to the non-IB amplitudes is W = 
(pkP~/)(PttP-()/ {m-xmir) 2 ■ Fitting the W dis- 
tribution with the three components IB, DE, 
and INT, we obtain for the fractions of DE 
and INT 

Frac(DE) = (3.35 ± 0.35 ± 0.25)%, (5) 
Frac(INT) = (-2.67 ± 0.81 ± 0.73)%. (6) 

The first error is statistical, the second sys- 
tematic. The systematics are dominated by 
the trigger efficiency. The statistical corre- 
lation between the two components is -0.92 
(see Fig. 7). This is the first evidence for a 
non-zero interference term in this decay. 
For comparison with previous results we 
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Fig. 6. Invariant 7T 7r°7 mass for selected — > 
7r^7r°7 events. Also shown are the MC simulations of 
the signal and the background from K~ — > ■k^ts^'k® . 
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Fig. 7. Confidence regions for the fractions of DE 
and interference of the — » 7r ± 7r 7 amplitude. 

have also performed a single parameter fit, 
setting INT to zero, and extrapolated to 
the region 55 < T* < 90 MeV. The re- 
sult then becomes Frac(DE) g5< yf <go MeV = 
(0.85 ±0.05 ±0.02)%. 



3.2. K° 3 Form Factors 

In a special two-day Kl run in 1999, taken 
with a minimum bias trigger, we have found 
2.6 million decays. The Dalitz plot of 

these decays is shown in Fig. 8. 
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Fig. 8. Dalitz plot distribution of selected K® 
events. 



fj,3 



A fit to the Dalitz plot yields for the 
slopes A+ and Ao of the vector and scalar 
form factor, resp., 



A + = 0.0260 ± 0.0007 sta t ± 0.0010 



syst, (7) 

A = 0.0120 ± 0.0008 stat ± 0.0015 syst . (8) 

Both these values disagree with the former 
PDG04 values 5 . The agreement is better 
with a recent KTeV analysis 6 , however, at 
least for Ao not perfect either. The result 
is still preliminary. A more detailed analy- 
sis, using also quadratic slopes and pole form 
factors will be published soon. 
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